The kinetics of the reaction between peroxodisulphate and p-chloro and p-bromo mandelic acid catalysed by silver(I)ions have been studied. The rate of peroxodisulphate disappearance was found to be dependent (i) on [S20 8-2] (ii) on [Ag+]. The rate is in dependent of the substituted acid concentration. Thermodynamic parameters have been evaluated. A mechanism of the oxidation of substituted mandelic acid by peroxodisulphate catalysed by silver(I) has been suggested.
Introduction
Oxidation of organic and inorganic compounds by peroxodisulphate has been reviewed by H o u s e 1, W i l m a r t h , and H a im 2. I t has been observed that these reactions are very slow at room temperature in absence of a catalyst. The most thoroughly in vestigated catalyst is silver(I) for these oxidation14. Kinetics of oxidation of some a-hydroxy carboxylic acids have been already reported3-4. The present work summarises the results obtained in the oxi dation of substituted mandelic acid by peroxodi sulphate catalysed by silver (I).
Experimental p-Chloro mandelic acid was prepared by method of J e n k i n s 5 and p-bromo mandelic acid was pre pared by a method given in Organic Synthesis6. Their melting points were checked and found to be 119 and 118 °C for p-chloro and p-bromo mandelic acid, respectively. Silver nitrate ( B . D .H . Analar) and potassium peroxydisulphate (E. Merck) were used as such. All other chemicals used were chem ically pure. Standard solutions of the various reagents were prepared by dissolving weighed amounts of reagents in doubly distilled water. Potassium peroxodisulphate solution was freshly prepared and its concentration checked by iodometry.
The desired volume of water and standard solu tion except for peroxodisulphate were placed in a glass stoppered bottle. This bottle and the another one containing peroxodisulphate were placed in a thermostat at temperature of 37 °C and allowed to reach thermal equilibrium with it. Then the proper volume of peroxodisulphate was transferred to the flask by means of a pipette. Aliquot portions of the solutions were removed at known intervals of time and the concentration of peroxodisulphate left un reacted estimated by the method of B a r t l e t t and
Cotman7.
All glass vessels and apparatus used in this investigation were of pyrex glass.
The reaction of peroxodisulphate proceeds at the same rate in dark and in diffused room light. Hence rates were measured in the diffused room light. Also silver(I) catalysed oxidation of various substrates follow the same rate laws both in presence and absence of oxygen10-12. Therefore no attempt was made to remove oxygen from the system.
Product an alysis
p-Chloro and p-bromo mandelic acid and excess of peroxodisulphate in the ratio of 1:14 were refluxed and the presence of benzaldehyde was detected by D.N.P. (2:4 dinitrophenyl hydrazine). The quantity of benzaldehyde produced was 90% of the value of stoichiometric quantity of benzalde hyde expected on the basis of the equation.
X C6H 4CH(OH) • COOH + S20 8-2 -> X C6H 4CHO + C 02 + 2H+ + 2S 04-2
Results and Discussion
During an experiment the logarithm of (S20 8 ) concentration decreased linearly with time for 60 to 70% of reaction, thereby showing that the rate law of the reaction is first order in peroxodisulphate concentration.
Values of k 1 were obtained from graphs of logarithm of the volume of thiosulphate solution (which is proportional to the concentration of S20 8-) vS time. As the graphs were quite straight for about 60 to 70% of the reaction. The values of kt were estimated by the method of least squares.
The first order dependence on the concentration of peroxydisulphate was further verified by chang ing the initial concentration of peroxydisulphate (cf. Table I ). The fact that the pseudo first order rate constant is independent of the initial concen tration of peroxodisulphate, shows that the order with respect to peroxodisulphate is one. The rate constant is independent of the concen tration of (substrate) substituted mandelic acid (cf . Table II) . This shows that the rate is independ ent of the substrate concentration. To determine the order of reaction with silver (I) ion, the concentration of silver ion was varied.
Results given in Table III show that the rate of reaction is proportional to concentration of silver ion: The salt effect was studied by addition of differ ent concentration of K 2S04 and K N 03 (cf. Table IV ). It has been observed that nitrate exhibits a stronger inhibitory influence on the rate of reaction compared to sulphate. The rate is also retarted to considerable extent in presence of acetonitrile.
The effect of H+ ions concentration on the rate of oxidation was studied by adding sulphuric acid, at the same time adjusting the concentration of sulphate to a constant value by adding potassium sulphate. Results (cf . Table V) show that small quantities of acid decreases rate constant appreci ably. This is because reaction of the anion of the acid with peroxodisulphate is faster than that of undissociated with peroxodisulphate9. The order of reactions of different substituents follows the sequence p-Br > p-Cl > H (cf. Table VII ). The log K values when plotted against a+ values, a straight line with a slope of +0.7 was obtained, q is a measure of the susceptibility of the reaction to electrical effects. The small value of q is expected as no formal charges are developed in the activated complex. The positive value indi cates that the rate of reaction is helped by electron withdrawing groups8. 
Discussion
The reaction between substituted ^-chloro and 29-bromo mandelic acid and peroxodisulphate in absence of silver ions is extremely slow. The rate of the Agh ion catalysed reaction is proportional to the concentration of silver ions, peroxodisulphate but independent of the concentration of the substituted acid. Since the uncatalysed reaction be tween peroxodisulphate and substituted mandelic acid is extremely slow, it is reasonable to assume that peroxodisulphate or the sulphate radical ions produced by decomposition of peroxodisulphate do not react with substrate to a measurable extent. However to explain the increased rate of disappear ance of peroxodisulphate on addition of the substi tuted acid, it is necessary to postulate that reactive silver species and substituted acid react to produce radicals. The radical so produced from the substrate further induces peroxodisulphate decomposition. The fact that the rate of the reactions is faster in solution from which oxygen has been removed suggests a chain mechanism (cf. A l l e n 21). G u p t a and G h o s h 13 have proposed a mechanism involving an equilibrium which is followed by termolecular rate determining step.
The break-down of the peroxodisulphate into sulphate ion radicals appears to be unlikely since one would expect that the sulphate ion radicals would exchange electrons with sulphate ions at a rate comparable with their recombination to peroxodisulphate. However, no exchange has been observed under the conditions of the kinetic experiments15-18. Consequently any proposed mech anism of decomposition involving equilibrium be tween peroxodisulphate and sulphate ion radicals, i.e. step (1), is probably incorrect.
Alternatively catalytic effects of silver ions may be explained by considering the following initial steps:
Ag + S20 8-^ Ag+2 + SO -+ S04-
Ag+ + S04-Ag+2 + S04-2
The assumption that Ag+2 and S04-are the chief reactive species is in agreement with the observa tion of S u b b a r a m a n and S a n t a p p a 19 and H ig g i ns o n and M a r s h a l l 20 that one electron transfer is more likely in oxidation reduction system between a transition metal ion and an ion derived from non transition element. Small positive q values indicate the radical mechanism and suggest that the reaction is accelerated by presence of electron withdrawing groups.
In view of the above consideration we are led to propose the following reaction scheme: 
Reaction (3) is a chain initiation, reactions (4, 5, 6) are chain propogating steps and (7) is a termina tion step. This mechanism leads to correct rate laws and explains the slight increase in rate constant by presence of electron withdrawing groups in the compound.
